Fatigue is one of the most common reasons why people consult health care providers. Chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME) is one cause of clinically debilitating fatigue. The underdiagnosis of CFS/ME, along with the spectrum of symptoms that represent multiple reasons for entry into physical therapy settings, places physical therapists in a unique position to identify this health condition and direct its appropriate management. The diagnosis and clinical correlates of CFS/ME are becoming better understood, although the optimal clinical management of this condition remains controversial. The 4 aims of this perspective article are: (1) to summarize the diagnosis of CFS/ME with the goal of promoting the optimal recognition of this condition by physical therapists; (2) to discuss aerobic system and cognitive deficits that may lead to the clinical presentation of CFS/ME; (3) to review the evidence for graded exercise with the goal of addressing limitations in body structures and functions, activity, and participation in people with CFS/ME; and (4) to present a conceptual model for the clinical management of CFS/ME by physical therapists.
F
atigue is a symptom common to many illnesses, such as cancer, depression, autoimmune diseases, hormonal disorders, and infections, and it is associated with poorer health outcomes and a high degree of recidivism in the general population. 1,2 Most health conditions that cause fatigue, such as fatigue secondary to deconditioning, cancer, and neuromuscular disorders, have etiologies that are attributable to specific pathologies that may respond favorably to various forms of intervention, such as physical therapist management. However, some people may demonstrate fatigue related to causes that remain unclear.
Recent studies have begun to improve the collective understanding of chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME) as one cause of clinically debilitating fatigue. Chronic fatigue syndrome/myalgic encephalomyelitis affects 1 to 4 million adults in the United States, 3 with women accounting for up to 75% of cases. 4 Prevalence in the United States ranges from 230 to 420 per 100,000 adults, 5 with the mean age at onset ranging from 29 to 35 years. 4 Up to 85% of CFS/ME cases may be undiagnosed, 3 and the actual prevalence of CFS/ME may be 6 to 10 times higher than presently understood, 6 suggesting that a vast majority of CFS/ME cases are untreated and unaccounted for by epidemiological studies. 7 The large number of cases that may remain undiagnosed places a premium on the recognition and management of CFS/ME and CFS/ME-like conditions by physical therapists.
The purpose of this analysis was 4-fold. First, we summarize the diagnosis of CFS/ME with the goal of promoting the optimal recognition of this condition by physical therapists. Second, we discuss aerobic system and cognitive deficits that may lead to the clinical presentation of CFS/ ME. Third, we review the evidence for graded exercise with the goal of addressing limitations in body structures and functions, activity, and participation in people with CFS/ME. We conclude by presenting a conceptual model, based on current scientific evidence, for the clinical management of CFS/ME by physical therapists.
Characteristic Clinical Findings of CFS/ME That Guide Diagnosis
Chronic fatigue syndrome/myalgic encephalomyelitis is not a new health condition. The neurologists Beard 8 and Goetz 9 were among the first to characterize a health condition that they called neurasthenia in the latter half of the 19th century; neurasthenia was described as a combination of fatigue, anxiety, headache, impotence, and neuralgia. In the early 20th century, Gilliam 10 documented an outbreak in Los Angeles, California, of a health condition that resembled poliomyelitis and that he called atypical poliomyelitis. Various outbreaks of health conditions resembling CFS/ME were recorded in the United States and elsewhere throughout the 20th century. 11 Each of these outbreaks was described by its own region-specific and sometimes pejorative terminology. The term epidemic myalgic encephalomyelitis was coined as a result of a Royal Society of Medicine symposium in 1978. 12 This development was notable because it represented the medical community's first acknowledgement that CFS/ME was a distinct disease process rather than a behavioral disorder. Chronic fatigue syndrome/myalgic encephalomyelitis reached the popular consciousness in the United States after an outbreak in the Reno-Lake Tahoe, Nevada, region in the 1980s. Research involving this outbreak resulted in the name chronic fatigue syndrome. 13 This term is considered to be most representative of the clinical features of the health condition by many clinicians and researchers, 14 although the term myalgic encephalomyelitis continues to find common usage in the clinical community secondary to popular support from people with CFS/ME. 15 Therefore, both terms were adopted for the purposes of this analysis.
Various attempts to characterize CFS/ME were made in the late 20th and early 21st centuries. 13 The most current and common case definition was created when the Centers for Disease Control and Prevention convened an international working group in 1994. To meet the case definition criteria for CFS/ME, an individual must report persistent or relapsing, debilitating fatigue for which a preexisting illness or psychiatric comorbidity cannot be found as an explanation. According to the 1994 case definition of Fukuda and colleagues, 16 to meet the criteria for CFS/ME, an individual must have persistent or relapsing fatigue for greater than 6 months (Fig. 1) . The fatigue of CFS/ME may be characterized by either gradual or sudden onsets, and it may be progressive or relapsing and remitting during the course of the condition.
In addition to the specific criteria for fatigue, CFS/ME is characterized by a broad spectrum of nonspecific physical examination findings. Therefore, to meet the case definition criteria for the diagnosis of CFS/ME, an individual concurrently must exhibit at least 4 additional symptoms, such as postexertion malaise (PEM) for at least 24 hours after exercise, impaired memory or concentration, nonrefreshing sleep, muscle pain, pain in multiple joints without signs of inflammation, headaches of a new type or severity, sore throat, and tender cervical or axillary lymph nodes. Secondary symptoms of joint pain and headaches may facilitate entry into physical therapy settings for people with CFS/ME. Perhaps the most prominent feature of CFS/ME is PEM, which is usually defined as a general feeling of discomfort or unease after even minimal physical activity. 16 Indeed, among the various health conditions that are associated with fatigue, increased PEM that can alter daily activities for up to 2 weeks 17 appears to be unique to CFS/ME. 18, 19 Other diagnostic systems that have been described in the literature are the Oxford criteria 20 and the Canadian Consensus Document. 21 The Canadian Consensus Document case definition for CFS/ME 21 (Tab. 1) may be useful because it displays significantly greater power than the criteria established by Fukuda and colleagues 16 to differentiate people with CFS/ME from people with fatigue related to psychiatric health conditions. 22 Across all definitions, it is important to emphasize that the fatigue of CFS/ME must be unexplained by another somatic or psychiatric health condition, making CFS/ME a diagnosis of exclusion. Given the prominence of pain and fatigue in the symptomatology of CFS/ME, 16, 23 physical therapists may be among the first health care providers to recognize this health condition and direct appropriate management.
A growing body of research confirms the presence of oxidative impairments in CFS/ME. Our research group 24 and others 25 have identified clinical evidence of oxidative metabolic impairments during graded exercise tests. VanNess and colleagues 24 identified a range of oxidative impairments during graded exercise testing in participants meeting the case definition criteria of Fukuda and colleagues 16 for CFS/ME. Although the maximum oxygen consumption (VO 2 max) for participants in that study 24 ranged from 36% to 76% of the VO 2 max predicted for matched sedentary participants, in only half of the participants were Conceptual model for clinical management of people with chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME). (A) The first presentation of symptoms in people with CFS/ME hypothetically occurs when the intensity of physical activity (solid line) exceeds the tolerance for physical activity (bars). (B) In response to symptoms, people with CFS/ME adapt their behaviors by either activity and symptom avoidance (dashed line) or activity and symptom fluctuation (dotted line). (C) The initiation of a pacing self-management program is hypothesized to stabilize activity levels within the tolerance for physical activity, such as that indicated by heart rate biofeedback below the anaerobic threshold. (D) After symptoms and function are stabilized, progression of anaerobic exercise to graded aerobic exercise may be used to increase tolerance for physical activity.
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American Medical Association guidelines for moderate to severe aerobic impairments met. This finding suggests that a spectrum of aerobic energy system impairments may be responsible for the reduced tolerance of physical activity observed in people with CFS/ME despite their common medical diagnosis.
Evidence suggests that disruption of the aerobic energy system may be associated with a combination of genetic, cellular, and systemic metabolic deficits. 26 -28 Investigators also have found evidence at the cellular level of mitochondrial dysfunction and impaired energy metabolism, 29 oxidative damage to mitochondrial deoxyribonucleic acid, 30 and poor recovery of adenosine triphosphate after exercise, 31 which may be responsible for the observed deficits in repeated graded exercise test performances. These cellular and systemic impairments in the aerobic energy system lead to a reduced functional capacity that limits an individual's ability to sustain and repeat functional activities. Aerobic system impairments appear to be related to maladaptive sympathetic autonomic responses, 32 perhaps in response to a triggering event, such as an injury or illness, in people with an apparent genetic predisposition. 33 Over time, these maladaptive responses are suspected of causing dysregulation of the normal hypothalamus-pituitary axis 34 and sympathetic autonomic responses 32 and an overall reduction in tolerance for physical effort. 35 Autonomic dysregulation is thought to be responsible for the orthostatic intolerance 36 and abnormal heart rate (HR) responses to exercise 37 exhibited by some people with CFS/ME.
In addition to aerobic system impairments, people with CFS/ME exhibit centrally mediated disturbances in attention, perception, and affect. 35 On average, people with CFS/ME rate their effort during physical tasks significantly higher than do people who are healthy 38 ; this factor may lead to an overall decrease in maximal exertion. Paradoxically, however, anecdotal observations from various sources 35, 39 indicate that behavioral responses to symptom exacerbations in people with CFS/ME range from the maintenance of a sedentary lifestyle to abrupt increases in activity during periods of symptom remission that serve to exacerbate symptoms (Fig. 1) . Patient-reported mental fatigue 19 and maladaptive overactivity 40 are cognitive and psychological correlates of morbidity in people with CFS/ME. Some authors have suggested that comorbid kinesiophobia 41 or depressive symptoms 42 also may be responsible for these disablements in CFS/ME; however, these findings are inconsistent, 41 and functional deficits remain even after these variables are controlled for. 43 
Arguably, the cognitive effects of CFS/ME may serve as the greatest barrier to optimal research, diagnosis, and effective management of this health condition. Early attempts to characterize CFS/ME involved the assumption that it was primarily a psychiatric disorder. 9 Our experience suggests that some clinicians still seem to view CFS/ME through this lens; this belief could be a source of stigma for people with CFS/ME.
Clinical Outcomes Associated With Graded Exercise in People With CFS/ME
Graded aerobic exercise as an intervention for people with CFS/ME has been the focus of several studies, even though, as a general rule, deconditioning may not play a role in disablements secondary to CFS/ME. 44 To assess the clinical effects of exercise in people with CFS/ME, we conducted a literature search with the search terms "exercise" AND "chronic fatigue syndrome" OR "myalgic encephalomyelitis" in the Cochrane Database of Systematic Reviews and the EMBASE, ERIC, MEDLINE, PEDro, Ovid Healthstar, Ovid Global Health, and PSYCHINFO databases. The initial search yielded 694 distinct citations. The abstracts of these citations were scanned for references to treatment responses in people with chronic fatigue, yielding 94 citations. These citations were then analyzed for observational, comparison, or randomized studies that reported on the effects of an exercise intervention in adults with CFS/ME according to existing diagnostic criteria, yielding 9 citations for consideration in this analysis. These studies are summarized in 50 , all groups maintained significant improvements, and no significant differences persisted among the groups. Moss-Morris et al 46 documented no significant differences in SF-36 physical functioning subscale scores among the groups, and Wallman et al 42 did not identify significant changes in activity. It is notable that many studies conducted to examine the effectiveness of graded exercise had high dropout rates, suggesting the presence of a subpopulation for whom graded exercise interventions may be ineffective at the levels of body structure and function, activity, and participation. Additional research seems to be necessary to clarify the effects of different exercise volumes on activity and participation in people with CFS/ME.
A major challenge of research and clinical practice related to exercise prescription for people with CFS/ME is the phenomenon that increased self-reported activity levels during intervention may be a direct result of the exercise program at the expense 51 studied the effectiveness of advice to increase physical activity on daily physical activity, fatigue, mood, and pain in participants who were diagnosed with CFS/ME by a physician and in matched sedentary control participants. Participants were requested to increase their physical activity during the first 2 weeks of the program in an incremental manner. Intervention included a 6-week walking program consisting of an increase in daily walking time to a total of 30% more than pretreatment levels. The authors documented a significant increase in physical activity in participants with CFS/ ME by use of an accelerometer, leading to their conclusion that the intervention was a feasible and effective way to facilitate increased physical activity in this population. However, selfreported mood became significantly worse in participants with CFS/ME than in control participants over time.
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Ratings of fatigue and pain, which were already significantly different between groups throughout the study, increased over time in participants with CFS/ME. A secondary analysis of the data revealed that participants with CFS/ME could actually maintain the increase in physical activity for the first 4 to 10 days of the study, exercising for a mean of 23 minutes. 52 In contrast, during the final 3 weeks of the study, physical activity time fell to approximately 8 minutes per day. The a All studies were controlled studies, unless otherwise noted. One observational study 61 was excluded because the description of the exercise intervention was incomplete. Two controlled studies 51, 52 were excluded because the criteria for inclusion were unclear. SF-36ϭMedical Outcomes Study 36-Item Health Survey Questionnaire, V O 2 maxϭmaximum oxygen consumption. b Observational study.
decrease in physical activity appeared to be coincident with the timing of the worsening mood and increased symptoms. It is possible that a similar trend has been observed in studies documenting significant increases in functioning in association with graded exercise in people with CFS/ME, but the use of quantitative measurements to document daily physical activity and secondary analyses of existing studies are uncommon.
Model for Clinical Management of CFS/ME
The goal for the clinical management of CFS/ME should include an individual's return to an optimal level of function. Disablement attributable to CFS/ME results from maladaptive physiologic responses that lead to overloaded body systems (Fig. 1) . This assertion is consistent with the predictions of physical stress theory, 53 which suggests that changes in relative stress in tissues result in predictable tissue adaptations ranging from decreased stress tolerance to maintenance to increased stress tolerance. Therefore, consistent with physical stress theory 53 and other models for the clinical management of CFS/ME, 35,39 optimal functioning for people with CFS/ME first depends on the achievement of a level of tissue stress that corresponds to symptom and functional maintenance. This objective will require the implementation of strategies that focus on pacing self-management to promote energy conservation and rest. After maintenance is achieved, physical stress must be provided in a manner that results in improved stress tolerance. As mentioned before, earlier models encouraged the use of graded exercise to achieve increased tissue stress tolerance. 35,39 However, our experience has been that an approach beginning with therapeutic activities and exercises that avoid excessive use of the impaired aerobic system also is promising because it may mitigate the subsequent functional impairments associated with PEM. This approach involves shortduration exercises that are completed at intensities below an estimated anaerobic threshold (AT). After anaerobic activities are initiated without symptom exacerbation, progression to graded aerobic exercise can be undertaken. Finally, the chronic and episodic nature of this health condition 4 requires physical therapists to ensure that people with CFS/ME demonstrate adequate development of the cognitive and physical skills necessary to facilitate longterm symptom self-management and optimal functioning.
Pacing Self-Management: Criteria and Strategies
Strategies to promote energy conservation appear to be important in people with CFS/ME. To date, recommendations for pacing self-management in people with CFS/ME have been made on the basis of symptom acuity and irritability. 35, 39 Although these criteria seem to be intuitive, they may fail to account for the rapid changes in function that are characteristic of CFS/ ME. An impaired perception of effort in people with CFS/ME may interfere with the optimal maintenance of symptom-free activity levels if pacing Hypothetical relationship among duration of functional activity, metabolic energy pathways, and functional impairments in people with chronic fatigue syndrome/ myalgic encephalomyelitis (CFS/ME). The creatine phosphate-adenosine triphosphate immediate (teal line) and anaerobic short-term (red line) energy systems predominate during the first 2 minutes of activity (dashed black line). Activities longer than 2 minutes in duration are characterized by a rapid decrease in the contributions of these shortterm energy systems and an exponential increase in the contribution of the aerobic long-term energy system (blue line). It has been hypothesized that activities longer than 2 minutes in duration aggravate symptoms and functional deficits in people with CFS/ME because they have aerobic system impairments.
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self-management criteria that are based solely on symptomatology are used. Also, the ability to predict when activities might cause a flare-up of symptoms and functional deficits would be most helpful. The metabolic impairments observed in people with CFS/ ME suggest the need to limit the intensity of activity to avoid excessive use of the aerobic energy system (Fig. 2) . Therefore, we suggest that AT may be a critical objective limit for ensuring that physical activity is maintained at an appropriate level to facilitate optimal pacing self-management.
The use of criteria based on HR biofeedback for pacing self-management may be helpful in people with CFS/ ME. 54 We assert that HR biofeedback should be used to ensure that activities are conducted at intensities below the AT. The gold standard for establishing the HR at the AT is a graded exercise test with periodic blood sampling. However, even in clinical settings in which graded exercise and blood sampling procedures are prohibitive in terms of cost, time, or expertise, the need to index activity pacing recommendations to quantitative data remains. Therefore, the HR at the AT may be estimated indirectly from VO 2 max measurements obtained during submaximal exercise testing; alternatively, the HR corresponding to RPEs of 13 to 15 during submaximal exercise testing may be used. Clinicians should bear in mind that although submaximal exercise testing demonstrates good discriminative validity for people with CFS/ME versus people without CFS/ME, 55 such testing also demonstrates high within-subject variability. 56 Frequent reassessment will be necessary to maintain confidence in the AT estimates obtained from submaximal testing. In untrained people, the AT has been approximated at 55% VO 2 max. 57 Thus, we suggest that clinicians may approximate the HR at the AT by calculating 55% of the HR at the VO 2 max as a starting point, although specific establishment of the HR at the AT in this population requires additional research.
We suggest that people's RPEs during submaximal exercise testing also may be used to approximate the threshold for pacing self-management, in which ratings below 13 to 15 represent activity at an intensity below the AT. 57 Although exercise testing is an important clinical tool for guiding the clinical management of CFS/ ME, we emphasize that it should be conducted with extra care secondary to the risk for orthostatic impairments and the high likelihood of symptom exacerbation. Extra care includes adequate individual education regarding expected outcomes, with the goal of achieving appropriate consent for testing, as well as close symptom and physiologic monitoring to determine the need for test cessation or modification.
In line with earlier models for the clinical management of CFS/ME, 35,39 the importance of energy conservation in reducing symptom exacerbation and promoting optimal functioning in people with CFS/ME indicates that pacing self-management strategies should be provided in the context of a comprehensive psychoeducational program. The 5 A's construct, originally proposed by the Canadian Task Force on Preventive Health Care, 58 has been applied to individual education as part of clinical management programs for other chronic health conditions. 59 The components of the 5 A's construct 58 -assess, advise, agree, assist, and arrange-also may be applied to people with CFS/ME. This construct contains a learning needs assessment, which includes determining the presence of behaviors that may exacerbate symptoms as well as the individual's preferred behavior change goals, methods, and constraints. An individual's level of knowledge related to CFS/ME and overall health literacy also should be ascertained. Advice for people with CFS/ME includes specific and personalized behavior change counseling based on the learning needs assessment and centered on maintaining physical exertion below the HR at the AT. People should be encouraged to wear an HR monitor for this purpose. Given the variability inherent in the use of many tests for establishing the HR at the AT, we suggest that a 10% margin below the estimated HR should be used as the critical threshold for pacing self-management to account for variability and ensure that an individual's exertion remains below the AT. Therefore, the monitor's alarm should be set to sound if the HR exceeds 10% below the HR at the AT. Frequent breaks including diaphragmatic breathing, alternate positions, and adaptive equipment should be prescribed to assist people in maintaining the target level of physical exertion. Further identification of activities that exacerbate symptoms and, as a result, necessitate attention may be aided by the use of activity logs, in which an individual with CFS/ME records the time of day, type and duration of activity, and symptoms for systematic analysis by the individual and the physical therapist. People with CFS/ME and their attending physical therapists should agree on the goals and methods of psychoeducational interventions for behaviors. The behavior change plan should be a collaborative effort between the individual and the attending physical therapist. People with CFS/ME may require assistance in implementing the behavior change plan; physical therapists may provide such assistance during both clinic visits and distance consultations. Finally, arrangement of follow-up contacts allows for additional assistance and alteration of the behavior change plan and reinforces the importance of behavior change to the individual.
Physical therapists are in a unique position to follow up with clinical brief counseling strategies because of their relatively frequent contact with people (compared with that of other health care providers).
Exercise Interventions
Exercise interventions for people with CFS/ME must be carefully customized to reflect the unique needs of each individual. The existing literature mentions 2 critical issues in prescribing physical activity for people with CFS/ME. First, clear communication between the individual and the physical therapist about the effects of the exercise program is critical to avoid the perception that physical activity has been increased because of increased physical capacity instead of the self-fulfilling prophecy associated with starting an exercise program. Second, aerobic system impairments associated with CFS/ME result in functional impairments that may not be amenable to training in people with CFS/ME compared with people who are sedentary.
We assert that exercise interventions for people with CFS/ME require a combination of compensation and rehabilitation approaches to physical training in which training begins with activities that provide stress to the unimpaired anaerobic energy system before the impaired aerobic energy system is stressed. Therefore, we advocate a training approach in which initial therapeutic activities are short duration, low intensity, and directed toward specific contributing impairments in body structures and functions. Because oxidative phosphorylation serves as the primary metabolic pathway in activities lasting longer than 2 minutes (Fig. 2) , aerobic system impairments in people with CS/ME would seem to limit activities longer than 2 minutes because of the risk of developing symptoms and functional deficits associated with PEM. Therefore, we recommend therapeutic activities that last less than 2 minutes and are conducted at an intensity consistent with an HR that is 10% below the HR at the AT or RPEs below 13 to 15. Previous studies demonstrated that reducing exercise time and intensity is effective in reducing symptoms of PEM in people with CFS/ME. 60 These recommendations regarding duration and intensity are flexible; clinicians should be guided by the individual's immediate and latent responses to therapeutic activities to determine appropriate exercise volume.
We recommend that activities initially consist of stretching and activerange-of-motion (AROM) exercises to improve region-specific strength and flexibility, because deficits in strength and flexibility may be the source of increased energy expenditure through suboptimal movement mechanics. The specific exercises incorporated into the flexibility and AROM program depend on the clinician's thorough examination and evaluation of potentially contributing pathomechanics. After participating in a stretching and AROM program that does not reproduce symptoms of PEM, people may advance to strength training in which the focus is on shortduration, low-intensity strengthening with maintenance of adequate rest intervals. Clinicians should use caution during the creation and progression of the resistance training program because the safety and effectiveness of these interventions in people with CFS/ME require additional research. Finally, people with CFS/ME may advance to short-duration, low-intensity interval training. As starting criteria, the duration of the intervals should not exceed 2 minutes, and the intensity should not exceed an HR that is 10% below the HR at the AT. Progression of interval training should involve increasing the number and intensity of intervals while maintaining a training range that prevents excessive use of the impaired aerobic system in people with CFS/ME. Interval training should involve functional retraining whenever possible, according to the physical therapist's evaluation of the individual's disablement. When short-duration interval training can be completed successfully, clinicians should consider initiating shortduration aerobic interval training, which can be advanced in an incremental manner according to people's symptoms, as described elsewhere. 39 Despite the importance of exercise to address physical conditioning in some people with CFS/ME, the healthrelated quality of life of people with CFS/ME is only weakly correlated with exercise capacity measurements. This fact underlines the importance of multimodal treatment, including individual education and pacing selfmanagement, to address the activity and participation limitations in people with CFS/ME.
Summary
The prevalence of CFS/ME emphasizes the importance of the recognition and management of CFS/ME and CFS/ME-like conditions by physical therapists. The prominent features of CFS/ME include aerobic system impairment and centrally mediated disturbances in attention, perception, and affect. Pacing self-management criteria based on HR biofeedback may be helpful in ensuring that activities are conducted at an intensity below the AT in people with CFS/ME. The mode and intensity of exercise-based interventions for people with CFS/ME must be carefully customized to reflect the unique needs of each individual. Future studies should continue to clarify the roles of pacing self-management and exercise in the context of a comprehensive clinical management program for people with CFS/ME.
